High-energy fragmentation reactions occurring along the beam penetration path in tissue leads to attenuation of the primary beam flux and build-up of secondary lowercharge fragments which give rise to the characteristic dose tail behind the Bragg peak. These effects become most significant at large initial energy and correspondingly large penetration depth of the primary beam. New measurements were performed in order to expand and improve existing data [1, 2] for the physical models used for treatment planning [3] . Similar investigations were reported by the HIMAC group at NIRS/Chiba [4] . Primary 12 C ions with specific energies of 200 or 400 MeV/u delivered from SIS-18 were detected by a beam counter (scintillator) which served also as start detector for time-of-flight (tof) measurements. The beam then entered into a water absorber, the thickness of which was adjustable with an accuracy of 10 µm over a wide range.
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Secondary fragments emerging from the water absorber into the forward hemisphere were detected at about 3m distance by a 5 or 10 mm thick plastic scintillator (4x4 cm 2 area) which delivered an energy loss signal and the stop signal for the tof measurement. All charged fragments from carbon down to protons were identified and separated by the analysis of two-dimensional ∆E-tofplots.
Angular distributions were measured by moving the stop detector on a linear precision drive perpendicular to the beam axis, covering forward angles up to 10°. Alternatively, for measurements of the primary beam attenuation a ∆E-E telescope detector consisting of a 9 mm thick scintillation detector (∆E) and a 14 cm thick BaF 2 -detector (E) was positioned at a short distance behind the exit window of the water phantom.
As a preliminary result of the data analysis the fraction of primary 12 C ions surviving the passage through the water absorber is shown in Fig.1 as a function of water depth, together with the corresponding measured Bragg curves. The beam attenuation is well described by an exponential function with a mean free path λ=259(16) mm. At 200 MeV/u still 70% of the primary 12 C ions are present at Bragg peak position, while this fraction decreases to 30% at 400 MeV/u.
The energy-and angular distributions of the emitted secondary fragments were investigated at seven different depths of the water absorber. Behind the Bragg peak the fragment spectrum is dominated by protons and α-particles. Their energy spectra are broad and peak at about 220 MeV/u and they also show the broadest angular distributions, while the heavier fragments (B, Be, Li) are emitted in a rather narrow cone of about 0° to 5°. The build-up curves shown in Fig.3 were obtained by integration of the angular distributions from 0° to 10°. 
